In foetal cell cultures and leucocytes, Sendai virus induced considerably higher levels of interferon than rubella, whereas in placental cultures this was reversed. A low passage strain of rubella virus, KO-I, which was originally isolated in Japan and is non-teratogenic in rabbits, produced particularly high levels of interferon in placental cultures, this being most marked at an m.o.i, of I and 15. Although the number of experiments conducted with brain, spleen, heart and amnion cultures was far fewer than with lung cultures, it appeared that comparable levels of interferon were produced by different cell cultures derived from the same foetus. Foetal cultures, leucocytes and placental cultures, derived from foetuses varying in gestational age from IO to 23 weeks, were capable of producing interferon when infected by Sendai or rubella virus, but levels were unrelated to gestational age.
INTRODUCTION
This paper describes the interferon response in primary cell cultures derived from human embryos and placentas of varying gestational age to various strains of rubella virus, including some attenuated vaccines, and Sendai virus, a virus known to be a good interferon inducer in human cells (Strander & Cantell, 1966; Smorodintsev, I968; Lee, 1969) . The interferon response following infections by these viruses in foetal, newborn and adult blood samples was also investigated. METHODS Cell cultures. Organs were removed from 'healthy' human foetuses as quickly as possible after hysterotomy. Gestational ages varied from IO to 23 weeks, these being determined by crown-rump measurements. Organs were minced finely with scissors and then trypsinized using o.25% trypsin (Difco 1:25o) at 37 °, after which cells were seeded into either 2 oz prescription bottles or 4 in. × ½ in. culture tubes. Growth medium consisted of Eagle's minimal essential medium (Wellcome Reagents Ltd) containing I5 % foetal calf serum, o'29 % glutamine, o-o88 % sodium bicarbonate and antibiotics (Ioo units penicillin/ml, and 48 units gentamicin/ml.) . When confluent, cultures were maintained on Eagle's minimal essential medium containing 2 % foetal calf serum, o.I8 % sodium bicarbonate and antibiotics. Monolayer cell cultures were prepared from the lungs of 13 foetuses and from a few, brain, heart, spleen and amnion cultures were also prepared. Placental cultures were also made from whole minced placentas, but in general these were not obtained from the same conceptus as other cultures. These cultures usually became confluent in 5 to IO days and consisted predominantly of fibroblastic cells.
Blood samples. Blood was obtained from foetuses by cardiac puncture within 2 hr of hysterotomy. In addition, blood was obtained from a newborn infant and an adult. Only blood samples with serum antibody titres of < 1:4 to rubella virus by haemagglutination-inhibition tests were selected for use in this study. Following leucocyte counts, samples were prepared and inoculated with virus according to the method described by Cantell et al. 0968) . As in their studies, virus was inoculated into whole blood, since in some instances it was only possible to obtain a small volume (I ml.). Since it has been shown that foetal nucleated red cells do not produce interferon (Cantell et al. I968) and that polymorphonuclear cells are poor interferon producers (Wheelock, 1966) and because foetal leucocytes are predominantly lymphocytes, any interferon obtained from whole blood samples was likely to have been predominantly lymphocytic in origin.
Viruses. The following strains of rubella virus were used: (I) JUDITH, a well-adapted laboratory strain.
(2) GIGUERE, a low-passage strain originally isolated from an infant with congenitally acquired rubella.
(3) KO-I, a low-passage strain isolated from a child with rubella in Japan. The passage histories of the above strains have been described previously (Best & Banatvala, I97O) . In addition, three attenuated vaccine strains were also used:
(4) RA 27/3 (Plotkin, Cornfield & Ingalls, 1965) .
(5) HPV 77 (Parkman et al. I966 ).
(6) CENDEHILL (Peetermans & Huygelen, 1967) . Vaccine strains were passed additionally 2 to 4 times in either Vero or BHK 2i cell cultures ill order to obtain sufficiently high virus titres for inoculation into cell cultures. Sendal virus was grown in secondary rhesus monkey kidney cell cultures.
Except when the relationship of m.o.i, to interferon response was being determined, virus was inoculated into cell cultures at multiplicities ranging from 0"3 to i-o, rubella virus titres having been determined by titration in RK I3 cell cultures and Sendal virus in secondary rhesus monkey kidney cell cultures. Cultures were inoculated as soon as confluent monolayers had developed.
Interferon assay. Cell culture fluids and blood samples were harvested 24 hr after inoculation since we had previously determined that interferon titres were maximal at this time. Samples were adjusted to pH 2 by dialysis against a glycine buffer for 24 hr followed by dialysis against phosphate-buffered saline (PBS) pH 7"2 for 24 hr to restore the pH to neutrality. Interferon assays were carried out in a continuous line of vervet monkey cell cultures (V3A) grown in flat-bottomed microtitre plates (Linbro Ltd), Sindbis being used as the challenge virus. Doubling dilutions of cell culture fluid for interferon assay in o.o25 ml. samples were made in V3A cell culture growth medium. This consisted of medium I99 (Wellcome Reagents Ltd) containing 5 % foetal calf serum, o.o88 ~o bicarbonate and antibiotics, o'o5 ml. of V3A cells (6 x Ioa/ml.) was then added to each well of the microtitre plate, after which they were incubated at 37 ° in a humidified CO2 incubator. Twenty-four hours later cultures were changed onto o.I ml. of a maintenance medium (medium I99, 2.5 °,/o foetal calf serum, o.i8 % sodium bicarbonate and antibiotics) containing IOO TCD5o/ ml. Sindbis virus. Each sample was set up in triplicate and all specimens derived from the same foetus were tested in parallel on the same day. Cell culture fluids from uninoculated cultures were also included in parallel in each test. Results were recorded when the Sindbis control showed 75 to IOO % cytopathic effect. The interferon titre was taken as that dilution which gave by inspection a 50 % inhibition of cytopathic effect. A standard human interferon sample of known titre prepared in human leucocytes was included in each test (kindly supplied by Dr K. Fantes, Glaxo Laboratories). When compared with the British Research Standard A 69/19 human interferon preparation which has an agreed value of 5ooo units/ml., it had a titre of 8o,ooo units/ml. Our standard interferon sample was used at a I : IOOO dilution to give an interferon titre of I : 40 to I : 8o units/ml, in our tests. In order to ensure that reproducible results were obtained, samples were tested on at least two separate occasions.
Characterization of interferon. Twenty-four hr harvests were obtained from representative rubella and Sendai infected cultures and virus inhibitory substance was present in both. This was characterized as interferon according to methods described by Larke (I967) and Best, Banatvala & Smith 0970-RESULTS Following infection by both Sendai or rubella virus, cultures derived from the two youngest foetuses studied, which were of Io weeks' gestation, were competent in producing interferon. Although some variation in interferon titres was obtained when cultures of foetuses of similar gestational ages were compared, interferon levels did not show a tendency to rise progressively with increasing foetal maturity (Table 1 ). Since lung cell cultures were pre- pared from all 13 foetuses, these cultures were used to compare the interferon titres produced by each virus. Table I shows that Sendai virus induced considerably higher interferon titres (range 1:24 to 1 : I92/m1., geometric mean titre (GMT) 1:60"5) than the JUDITH strain of rubella (range 1:6 to 1:96/m1., GMT 1:17"8). CENDEHILL, although a multiply passaged attenuated strain, appeared generally to induce relatively low levels of interferon, as did the low-passage strain GIGUERE. The highest geometric mean interferon titre amongst rubella (Table 2) , although infection by Sendai virus often resulted in much higher interferon titres than in cell cultures (range ~ :64 to ~ :768 per ml., GMT I:273), highest interferon titres being obtained in leucocytes derived from a I9-week-old foetus and an adult. Somewhat lower titres were induced by GL6UERE, the low passage strain of rubella virus, than by JUDITH and CENDEHILL strains. In contrast with foetal cell cultures and leucocytes, rubella (JUDITH) was a good interferon inducer in placental cultures, consistently inducing a two-to four-fold higher titre (range T :36 to I:t44/ml., GMT ~:m3) than Sendai virus (range i:~2 to 1:72/m1., GMT I : 46"4) (Table 3) . Table 4 shows the results of studies on four placentas obtained from pregnancies of different gestational ages which were inoculated with Sendai and various strains of rubella virus at a multiplicity of I. The Japanese strain Ko-I induced titres of I : ~92/ml. in two cultures and I : 384/ml. in the third, considerably higher levels than those produced by other viruses tested in these or any other cell cultures in this series. The amount of interferon produced rose with increasing virus multiplicities, the differences between KO-I and other virus strains being most pronounced at multiplicities of t and 15. Interferon could be detected in placental cultures 2 to 4 hr after virus inoculation, reached peak levels at 24 hr and declined to low levels by 72 hr. These cultures could be maintained and virus recovered for periods up to 8o days, during which time low levels of interferon could be detected periodically ( 
DISCUSSION
Our studies showed that both Sendal and rubella viruses induced interferon in leucocytes and in foetal cell cultures, but rubella virus generally produced lower levels than Sendal virus. Although interferon could be induced by these viruses in cells derived from foetuses of IO weeks' gestational age, the amount of interferon did not increase with foetal maturity. Using cell cultures derived from human foetuses ranging in gestational ages from 8 to 32 weeks as well as cultures derived from newborn infants, Siewers, John & Medearis (197o) also demonstrated that the amount of interferon produced by Newcastle disease virus did not relate to gestational age. However, their experiments were not conducted with primary cell cultures. Our results are also broadly in agreement with those of Cantell et al. (I968) , who demonstrated that when infected with Sendal virus the interferon producing capacity of human leucocytes in peripheral blood remained relatively constant throughout intra-uterine and postnatal life.
Although cultures from foetuses of less than IO weeks' gestation were not included in our studies, we have previously shown that rubella virus induces low levels of interferon in lung, kidney and brain organ cultures derived from a foetus of 8 weeks gestational age (Best et aI. I971). It is unfortunate that we were unable to obtain cells derived from younger foetuses since the result of foetal infection by rubella virus is most severe and extensive when maternal infection occurs during the first 8 weeks of pregnancy (Dudgeon, ~ 967) . It has been postulated that human embryonic cells may be incapable of producing interferon before this time, thereby enabling rubella virus infection to become established with the subsequent development of a virus carrier state in which tolerance of the interferon response occurs (Rawls, 1968) . This is supported by studies conducted by Desmyter et al. (1967) and Rawls, Desmyter & Melnick (I968a) who showed that interferon could not be detected in chronically infected cultures derived from congenitally infected infants, and that superinfection of these cultures by Newcastle disease virus failed to stimulate interferon synthesis. However, it is possible that interferon may have been produced by these cells in utero over a short period, but none could be detected by the time that pregnancy was terminated and cultures prepared. Alternatively, the low levels of rubella virus-induced interferon produced in foetal cell cultures and leucocytes for periods up to 72 hr and intermittently for up to 8o days in placental cultures may reflect the greater number of cells infected in our experiments than occurs in vivo following maternal rubella when it has been estimated that not more than o.~ % of foetal cells contain infectious virus (Rawls et al. I968a) .
In placental cultures, rubella virus produced higher levels of interferon than Sendai, this being particularly marked with the NO-I strain. It might be tempting to speculate that the comparatively high level of interferon induced by rubella in placental tissue might make the placenta an effective barrier to the transmission of rubella virus to the foetus. Alford, Neva & Weller (I964) examined the products of conception from cases of laboratory confirmed maternal rubella and found that up to the 8th week of pregnancy virus could be detected with equal frequency in foetal and placental cultures, but after this time virus was recovered twice as frequently in placental tissue as in foetal tissue. They suggested that by this time either the placenta provided a more effective barrier to the transmission of virus or that the foetus had begun to develop a capacity to either resist or overcome infection. However, more recent studies by RaMs, et al. 0968b) and Thompson & Tobin (I97o) using more sensitive techniques to detect virus have not confirmed these findings, since they have shown that if maternal rubella is contracted at any time during the first trimester, infection of foetal organs is almost invariable.
The high levels of interferon produced by the KO-I strain of rubella virus originally isolated in Japan was surprising, for although it has been shown that attenuated strains of virus are generally better interferon inducers than unattenuated ones (Enders, I96o; Parkman et al. I966; Desmyter et al. I967), the Ko-I strain has a low passage history which is comparable to that of 6mUERE, a strain which tended to induce low levels of interferon in leucocytes and foetal lung cultures and which was originally isolated from an infant with congenitally acquired rubella following the extensive I963/64 epidemic in the U.S.A. Kono et al. (~ 969) suggested that Japanese strains of rubella virus may be less teratogenic than those isolated in the U.S.A. or Europe, as although infection by rubella virus occurs commonly in Japan and the proportion of women of child-bearing age who are susceptible differs little from that found in Western countries, the incidence of congenitally acquired rubella is rare. Preliminary experiments in which rabbits were inoculated with virus strains isolated in Japan and the U.S.A. support this hypothesis, since the Japanese strains were not teratogenic, whereas the U.S. strains were. The non-teratogenicity of such Japanese strains as Ko-i may perhaps be related to their capacity to induce high interferon levels. However, no antigenic difference could be detected when the Ko-i strain was compared with other strains, including vaccine strains, by kinetic haemagglutination-inhibition tests (Best & Banatvala, i97o) . If in addition to its reduced teratogenicity KO-~, by virtue of its high interferon inducing capacity, was also highly attenuated for man, it might provide an ideal strain for the preparation of vaccines since current strains produce a variable but significant proportion of side effects, particularly arthralgia in postpubertal females (Cooper et al. I97o; Dudgeon, Marshall & Peckham, I97o; Weibel et al. I97O) . However, we have so far only studied the interferon inducing capacity of this strain in placental cultures ; further investigations of its properties in other cell cultures and in animals, including humans, are required before really firm conclusions can be drawn.
Although it appears that the amount of interferon produced in the human foetus does not rise with increasing gestational age, there is evidence that the sensitivity of many viruses to interferon in both humans and animals increases with maturity (Baron & Isaacs, I96i ; Cantell & Valle, i965; Siewers et al. 197o) . In future investigations we hope to determine whether this also occurs with rubella, for although rubella is known to be sensitive to human interferon (Desmyter et al. I967) , should interferon sensitivity increase with gestational age, as it appears to do for many other viruses, then this may perhaps explain why chronic foetal infection is less readily established when maternal rubella is acquired after the first trimester of pregnancy.
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